To evaluate the impact of different zinc application methods on yield and yield components of various wheat cultivars, a field experiment was carried out at Student's Farm, Department of Agronomy, University of Agriculture Faisalabad, during winter 2014-2015. The experiment was laid out in RCBD (Randomized Complete Block Design) with factorial arrangement. In this experiment, all the treatments were replicated three times, using the net plot size of 1. ) and harvest index (39.25%) were recorded in treatment where zinc was applied both in the soil before planting and by foliar application on later growth stages. Similarly, grain zinc contents (33.11 mg•kg −1 ), grain protein contents (10.1%) and grain carbohydrate contents (64.23%) were also observed in the treatment where zinc was applied both in the soil before planting and by foliar application on later growth stages, which is better than all other treatments. In case of wheat varieties, Faisalabad-2008 performed better than Punjab-2011, with maximum method maximum total number of tillers (460.67 m ) and harvest index (33.93%). It is concluded that sowing of wheat cultivar Faisalabad-2008 + application of zinc in soil before planting with foliar application at later stages (tillering and stem elongation stage) of wheat could give better results in terms of yield.
Introduction
Wheat is the cereal crop which ranks first among all the cereal crops and also the most important crop of Pakistan. It is also the staple food for most of population in Pakistan. Cultivation of wheat directly or indirectly affects the prosperity of the country. The area under wheat cultivation during the year 2014-2015 was 9180 thousand hectares, from which 24,478 thousand tons of wheat was produced [1] . The average yield of the wheat is very low than that of its potential; imbalanced crop nutrition is most important factor which contributes towards the decrease in yield among all of the above mentioned factors [2] . The production of the wheat could easily be increased in present situation just by increasing the yield per unit area. The major reason that contributes towards the lower yields is imbalanced nutrition of the crop. Continuous cropping on same piece of land without showing any interest towards the nutrient management results in decrease of the organic matter in the soil which ultimately results in the micronutrients deficiency [3] . Different crops have different requirements of macro and micronutrients to complete their life cycle [2] .
The cereals which most commonly suffer from deficiency of zinc are wheat and rice [4] . In Pakistan, the zinc is applied to rice crop in the areas where there rice-wheat cropping system is followed, but application of zinc is rare in the areas where cotton-wheat cropping system is followed. Furthermore, the reason behind application of zinc in rice-wheat cropping sing system is that rice crop shows deficiency of zinc and also with application of zinc to rice in flooded conditions of soil significantly increases its yield [5] and [6] . There is very less study that had been done on indexing of zinc and its application in areas where cotton-wheat cropping system is followed.
Deficiency of micronutrients in crop production is spreading worldwide. It has affected the one-half population of the developing world in which people mainly depend upon few staple food crops like, maize, rice and wheat. About 50% of total cereal crops are growing on those soils which are deficient in micronutrients. Out of 16 essential elements, the elements which are included in the class of trace elements are zinc, copper, boron, iron, magnesium, chlorine, molybdenum and nickel. These elements perform vital role in the growth of crop [7] .
Under current Zn malnutrition scenario, to get higher concentrations of zinc in grain, higher amounts of zinc application may be recommended. But on the other hand, ranges of optimum and toxicity of zinc element and the rotation that was followed are of extreme importance to make any recommendation. The grain yield and concentration of zinc in grain is highly influenced by the method which is adopted to apply zinc [8] . Now, there is need of studies to find out farmer friendly method to apply Zn to attain high adoptability.
From the above discussion, the goal towards which my research will be carried out is as follows:  To determine the best method for application of zinc on different wheat varieties for higher grain yield.
Materials and Methods

Experiment and Treatments
A field experiment to evaluate the impact of different zinc application methods 
Crop Husbandry
Weather Data
All weather data of crop season was obtained from Agro-metrological Observa- 
Results and Discussion
Total Numbers of Tillers (m −2 )
From the data presented in Table 1 , it is concluded that there was a significant difference between both varieties in case of total number of tillers produced. ) was produced by Punjab-2011. ) was produced where Faisalabad-2008 was sown and no zinc was applied. These results are in line to the findings made by [9] and [10] which reported that application of zinc has a very little effect on total numbers of tillers produced by wheat.
Number of Spikelets Spike −1
Spikelet per spike is important factor that directly contributes towards the better yield of wheat crop. Due to its direct effect on number of grains per spike, it directly affects the grain yield of any wheat plot.
Data which is presented in From Table 1 , it can be seen that there is also significant relationship between zinc application methods in case of number of spikelets per spike. Maximum number of spikelets per spike (19.50) was produced in plots where zinc was applied in both soil before planting and foliar application on later stages followed by (18.83) where zinc is applied through foliar application, (17.83) where zinc was applied in soil before planting of crop and minimum number of spikelets per spike was produced in plots where no zinc was applied.
In case of interactions, there was also significant difference observed between wheat varieties and zinc application method. Maximum number of spikelets per 
Number of Grains Spike −1
The results calculated from means value are presented in table. From these results it is clear that there is a significant variation is present among means of wheat varieties in case of number of grains per spike. Maximum number of grains per spike (48.80) was recorded in Faisalabad-2008 and minimum number of grains per spike (43.32) was produced by Punjab-2011.
In case of zinc application method significant difference among means was noticed. Maximum number of grains per spike (50.36) was recorded in the plots where zinc was applied both in soil before planting and foliar application on later stages, followed by (46.46) in plots where zinc was applied through foliar application, (45.03) in plots where zinc was applied in soil before planting of wheat crop and minimum number of grains per spike was produced in the plots where there was no application of zinc was done.
Interaction between varieties and zinc application method also showed significant variation. Maximum number of grains per spike (51.16) was produced in the plots where wheat variety Faisalabad-2008 was sown and zinc was applied in both soil before planting and foliar application of zinc at later stages, followed by (50.53) in plots where Faisalabad-2008 was sown and zinc was applied through foliar application, (49.56) in plots where Punjab-2011 was sown and zinc was applied in both soil before planting and foliar application of zinc at later stages. Minimum number of grains per spike (39.63) was produced in the plots where Punjab-2011 was sown and no zinc was applied. This is quite common observation that there is very close relationship between number of spikelets per spike and number of grains per spike. With increase in number of spikelets per spike there will be increase in number of grains per spike. With the application of zinc there is increase in grain setting is noticed due its involvement in processes such as pollination and fertilization due to their direct influence on formation of pollen tube [11] In case of zinc application methods there was also significant relation noticed. Zinc plays an important role in synthesis of growth hormone, starch formation and maturation which increase the weight of seed [16] . Zinc application increase 1000-grain weight that might due to zinc that has high phloem mobility from leaves to roots, stem and developing grains [17] . The results of this research was found to be in li ne with the findings of [2] who concluded that 1000-grain weight in significantly increased due to application of zinc. [18] also concluded that 1000-grain weight significantly increases with application of zinc on wheat.
1000-Grain Weight (g)
The
Biological Yield (t•ha −1 )
Biological is a very vital character that determines the growth of plant and has an important correlation with crop yield. Biological yield determines the comparative growth rate of plants as it reflected to net assimilation rate. Data presented in ) was produced by Punjab-2011.
In case of zinc application methods a significant variation among the means is recorded. Maximum biological yield (11.93 t•ha −1 ) was recorded in plots where zinc was applied both in the soil before planting and foliar application on later stages, followed by (10.78 t•ha −1 ) in the plots where zinc was applied through foliar application, (9.63 t•ha −1 ) was produced by plots where zinc was applied in soil before planting the crop and minimum biological yield (8.38 t•ha −1 ) was produced in plots where no zinc was applied. Interaction among wheat varieties and zinc application methods was also found to be significant. Maximum biological yield (12.07 t•ha −1 ) was produced in plots where Faisalabad-2008 is sown and zinc is applied both in the soil before planting and foliar application on later stages, which is at par with (11.80 t•ha −1 ) in plots where Punjab-2011 was sown and zinc was applied both in the soil before planting and foliar application on later stages and (10.93 t•ha −1 ) in plots where Faisalabad-2008 was sown and zinc was applied through foliar application. Minimum biological yield (8.26 t•ha −1 ) was produced in plots where Punjab-2011 was sown and no zinc was applied.
Zinc may be endorsed increased photosynthesis, initial growth, nitrogen fixation which encourages biological yield. These finding are in line to results of [2] who testified that application of zinc on later growth stages of wheat enhances the biological yield. [19] also found similar results who observed that application of micronutrients on later growth stages of wheat significantly increases biological yield.
Grain Yield (t•ha −1 )
Grain yield is an ultimate goal and facilitate the evaluation to check out the effectiveness of all the treatments and hence considered most important parameter. It is an absolute product of final mechanisms, physiological and morphological processes occurring in plants during growth and development. Data that is presented in table depicts that there is a significant relationship between means of both varieties in terms of grain yield. Maximum grain yield (5.00 t•ha ) was produced by Punjab-2011.
In case of zinc application methods significant variation among means was noticed. Maximum grain yield (6.00 t•ha −1 ) was produced in the plots where zinc was applied both in soil before planting of and foliar application on later growth stages, followed by (5.03 t•ha −1 ) in the plots where zinc is applied through foliar application and (4.16 t•ha −1 ) in plots where zinc is applied in the soil planting of the crop. Minimum grain yield (4.00 t•ha −1 ) was produced in the plots where no zinc was applied.
Interaction among varieties and zinc application methods are also found to be significant. Maximum grain yield (5.36 t•ha −1 ) was observed in plots where Punjab-2011 was sown and zinc was applied both in soil before planting of and foliar American Journal of Plant Sciences application on later growth stages, which is at par with (5.20 t•ha −1 ) produced in plots where Faislabad-2008 was sown and zinc was applied both in soil before planting of and foliar application on later growth stages and (5.53 t•ha −1 ) in plots where Faisalabad-2008 was sown and zinc was applied through foliar application. Minimum grain yield (3.13 t•ha −1 ) was produced in the plots where Punjab-2011 was sown and no zinc was applied. Availability of micronutrients causes increase in the yield of crops. This increase of yield may be due to the abundant efficiency of enzyme activities which influence plant pigments because zinc is an important component of all classes of enzymes [20] . [21] 24% -38% yield can be increased by the application of zinc as compared to controlled plots. [22] stated that grain yield was increased significantly by application of zinc. These results are in line to conclusions made by [2] and [19] , both stated that increase in yield is observed when zinc is applied at lateral growth stages.
Grain Zinc Contents (mg•kg −1 )
Zinc is one of the most important to all form of life such as plants, animals and humans. Risk of zinc deficiency is quit a concerning problem as zinc is essential in working of more than 100 enzymes which contributes towards the fact that more the zinc contents in the higher will be quality of that grain. Data presented in table depicts that there is significant variance present among varieties in case grain zinc contents. Maximum grain zinc contents (25.68 mg•kg ) was noticed in plots where zinc was applied both in soil before planting and foliar application at later stages, followed by (27.57 mg•kg −1 ) in the plots where zinc was applied only through foliar application and (22.76 mg•kg −1 ) in the plots where zinc was applied in the soil before planting. Minimum grain zinc contents (18.57 mg•kg −1 ) were observed in the plots where no zinc was applied. Interaction among varieties and zinc application method was non-significant. Maximum grain zinc contents (33.26 mg•kg −1 ) was observed in plots where Faisalabad-2008 was sown and zinc was applied both in soil before planting and foliar application at later growth stages, this is at par with (32.96 mg•kg −1 ) observed in grains from plots where Punjab-2011 was sown and zinc was applied both in soil before planting and foliar application at later growth stages. Minimum grain zinc contents (18.46 mg•kg −1 ) were noticed in the plots where Punjab-2011 was sown and no zinc was applied.
These results support the finding made by [23] who reported that application of zinc increase grain zinc contents significantly among different wheat varieties.
Grain Protein Contents (%)
Protein is most vital character of grain that describes it quality. Protein is required in large amount by our body so, the quality of the grain will be better American Journal of Plant Sciences The means in terms of protein contents varied significantly in case of zinc application methods. Maximum protein contents (10.1%) was observed in plots where zinc was applied both in the soil before planting and foliar application on later stages, which is at par with (9.68%) observed in the grains from plots where zinc was applied only by foliar application. Minimum grain protein contents (9.20%) were observed in grains obtained from plots where no zinc was applied.
The interactions between means of varieties and zinc application methods in terms of grain protein contents were found to be insignificant. Maximum grain protein contents (10.26%) was notices in grains obtained from the plots where Faisalabad-2008 was sown and zinc was applied both in the soil before planting and foliar application on later stages, which is at par with (9.93%) in the grains form plots where Punjab-2011 was sown and zinc was applied both in the soil before planting and foliar application on later stages. Minimum grain protein contents (9.13%) were observed in grains from plots where Punjab-2011 was sown and no zinc was applied.
These results are in line to the findings of [23] who declared that application of zinc significantly increases grain protein contents.
